Every 48 hours, the growth was measured, and the tissues were washed and transferred into a fresh medium. The same operation was repeated until the tissues died or until their rate of growth became uniform. The effects of Tyrode solution and of the substance under investigation were compared from the point of view of the amount of tissue produced at each passage, and of the duration of life of the cultures. In other experiments,, the tissues were studied in the process of uninterrupted growth in a medium which was renewed every 2 or 3 days. The fibroblasts were cultivated in D-5 flasks and imbedded in a coagulum made of 0.5 cc. of plasma and 1.5 cc. of Tyrode solution containing 5 per cent embryo juice. The substance to be tested was poured on the surface of the coagulum. The area of the tissues was measured every 48 hours. The curve expressing the growth of the tissues in the experimental medium was compared to that of the same tissue when the fluid part of the medium was composed of Tyrode solution.
Action of Tyrode Solution on Pure Cultures of Fibroblasts.--Rec-
tangular fragments of an 11 year old strain of chicken fibroblasts were placed in a medium composed of chicken fibrinogen 25 per cent, doubly concentrated Tyrode solution 25 per cent, Tyrode solution containing traces of egg yolk and tissue extract 25 per cent, and Tyrode solution 25 per cent. 8 The migration of the fibroblasts began after about 2 hours incubation, and the cells spread rapidly into the coagulum. After 48 hours incubation, the area covered by the new tissue was always large, although the amount of extract contained in the medium was far too small to produce any stimulating effect. The tissues were extirpated from the clot, washed, and transferred to a fresh medium. After each passage the cells proliferated rapidly but, in spite of this apparent activity, the mass of the tissue slowly decreased. A visible, progressive thinning of the central portion of the culture was apparent even on macroscopic observation of the mother fragment. The cells multiplied by no means as rapidly as they migrated. After each passage the area of the fragment not only lessened but the thickness also decreased. As the medium contained no nitrogenous compounds which could be used by the cells, protoplasm could not be synthetized, and the loss of tissue which took place at each passage brought about a rapid decrease in its mass. Under the conditions of the experiment, death occurred generally after from five to six passages, that is, from 8 to 12 days (Text- fig. 1 ). Comparative experiments were made with fresh embryonic heart. The fragments survived longer, and showed great activity at the same time that the mass of the tissue slowly decreased.
In other experiments, fragments of a pure strain of fibroblasts or of embryonic heart were placed in I)-5 flasks in a medium composed of plasma and Tyrode solution containing 0.5 per cent embryonic tissue juice. In the controls, 1 per cent Tyrode solution was poured into the flask after coagulation had taken place. Every 48 hours, the fluid was aspirated and replaced by the same amount of fresh Tyrode solution. In the experiments, the substance to be tested was substituted for Tyrode solution. The increase in area of the tissue, while in a condition of survival in the non-nutrient medium, was expressed by an S-shaped curve. The growth generally stopped after 7 or 8 days (Text- fig. 2 ). ( Table I ). The mass of the tissues appeared to increase, and once the tissue fragments had to be divided (Text- fig. 3 ). But there was no further increase in the bulk of the tissues. The migration remained very active, and the decrease in the size of the tissues was slower than in Tyrode solution. While the control died after five or six passages, the life of the tissues cultivated in egg albumin lasted for fifteen passages, that is, for about 30 days (Text- fig. 3 ). Similar experiments were repeated with egg white of a concentration of 35 per cent (Table II and slightly shorter than in the 25 per cent solution. In solutions of higher concentrations than 35 per cent, the growth was very much less. In order to ascertain whether the favorable effect of egg white is due to the albumin or to some other substance, the effect on fibroblasts of pure albumin prepared by the methods of S6rensen and Hopkins was ascertained. A solution containing 5 per cent egg albumin prepared by Dr. Fischer according to the S6rensen method was tested on fibroblasts. The medium was made of 1 volume of plasma and 2 volumes of egg albumin. The rate of growth of the fibroblasts was slower than in the control composed of Tyrode solution. Similar experiments were repeated with a solution of egg albumin prepared according to the Hopkins method by Dr. Baker. The rate of growth was also found to be slightly decreased in the albumin solution. 
A clion of Egg

Action of Egg Yolk on Pure Cultures of Fibroblasts.--The effects
on pure cultures of fibroblasts of two media containing 0.25 per cent and 2.5 per cent egg yolk were compared (Table III) . There was a slight increase in the mass of the tissue and in the duration of life in the medium containing the larger amount of egg yolk. Although the tissues in the controls died after four passages, those in the experiments lived for six or seven passages (Table III and Text-fg. 5).
The effect of higher concentrations of egg yolk on fibroblasts was studied with a different technique. 1 cc. of suspensions of egg yolk in Tyrode solution in concentrations of 5 and 10 per cent respectively was injected into D-5 flasks containing fragments of embryonic heart imbedded in the solid medium. Every 48 hours, the fluid was replaced by a fresh solution. The rate of growth was no greater than in the preceding experiments, showing that fibroblasts are incapable of utilizing egg yolk for growth. -fig. 6 ).
Action of Chicken Bouillon on Pure Cultures of Fibroblasts.--
Bouillon was prepared from chicken tissues and added to the medium in concentrations varying from 10 to 20 per cent. In the cultures containing 20 per cent bouillon, the amount of growth was markedly P~sa@es T~XT-Fm. 7. Action of 20 per cent bouillon on pure cultures of fibroblasts.
decreased and also the duration of life (Table IV and Text- fig. 7 ). Concentrations below 10 per cent, such as used by Lewis and Lewis in some of their experiments with nutrient agar,* had no retarding effect. The growth of the cultures in bouillon was about equal to that of the cultures in Tyrode solution. The duration of life was not affected (Table V and Text- fig. 8 ).
In other experiments, a bouillon was made of embryonic tissue juice, heated in a sealed tube at 100°C. for 1 hour. It had a slightly retarding action on the multiplication of fibroblasts. When multiplying actively in serum, fibroblasts are in a condition of survival, not of cultivation, for they do not synthetize protoplasm from substances contained in the medium. They are able to utilize only the nitrogenous material stored in the tissue itself. The distinction between survival of tissue and active growth is an important one. Innumerable errors in the interpretation of the experimental results have been made during the past years on account of this lack. An active proliferation of fibroblasts taking place during several days in a medium containing a given substance does not mean that this substance is used by the cells, but indicates only that residual cell proliferation is unopposed by a toxic substance. It is not possible to ascertain whether a medium is nutrient or not in the sense that it supports growth unless the mass of the tissues is shown to increase. When the proliferating fragment can be halved again and again, and each half reaches the size of the original whole in 48 hours, it is evident that new protoplasm must have been synthetized from the medium. The experiments described above show that egg white, egg yolk, pure egg albumin, egg white mixed with egg yolk, and bouillon are not utilized by fibroblasts for multiplication. This fact renders more plausible the hypothesis advanced previously that for proliferation the fibroblasts require some nitrogenous substances elaborated by other cells, which are present in embryonic tissue juices.
It may be concluded that, under the conditions of the experiments: 1. The duration of life of pure cultures of fibroblasts in a nitrogenfree medium is about 8 days.
2. Egg white and egg yolk, isolated or together, slightly increase the activity of the fibroblasts, but this effect is temporary and the tissues ultimately die. Pure egg albumin and bouillon are not utilizable by fibroblasts for multiplication.
